omatosensory evoked potentials (SSEPs) measure the conduction pathways from the periphery to the brain and can demonstrate the site of neurological impairment in a variety of locomotor conditions. SSEPs were studied in 44 children (64 feet) with surgically corrected club feet. Four children had unreproducible responses, 18 showed abnormal recordings and 22 showed normal responses. In a further 31 feet (21 children) subjected to motor electrophysiological tests, 16 (52%) were abnormal.
In most children with club foot a definite neurological deficit is hard to demonstrate, although atrophy of the calf and sluggish or absent peroneal function is seen clinically. A few have conditions such as spinal dysraphism or central core disease. 1 Abnormal muscle development or a disproportion of type-1 muscle fibres have also been implicated. 2 It is debatable, however, whether the alterations are primary or secondary. 3 Neurological testing is difficult in the infant. Nerveconduction studies, measurement of the H-reflex (spinal monosynoptic reflex) and electromyography 4 have produced conflicting reports. Histochemical studies of muscle, ligament or neural tissue have given varying data (see Table  IV) . We report what we believe to be the first application of somatosensory evoked potentials (SSEPs) in the investigation of children with surgically corrected club feet. Duckworth et al 5 used SSEPs to assess abnormalities of the spinal cord in children with spina bifida, and the technique is established for monitoring spinal procedures [6] [7] [8] [9] [10] [11] [12] , and reconstruction of the pelvis 13, 14 and of the lower limb. 15 
Patients and Methods
A total of 65 children (44 boys and 21 girls) with grade-2 and grade-3 clubfoot deformity, as described by Harrold and Walker, 16 and which had been treated surgically, was investigated in a paediatric neurophysiology laboratory. The studies were undertaken in a room at constant temperature, but with no electrical shielding or deadening of sound. Each child had a comprehensive neurological examination and their height and weight were recorded. The surgical outcome 17 was classified using a scoring system modified from Laaveg and Ponseti 18 and McKay. 19 The score for each case was subtracted from 130 points, and the result described as follows: excellent, 115 to 130; good, 100 to 114; fair, 85 to 99; and poor, less than 85. Surgical correction had been undertaken in 76 feet in children aged between three and six months, after a preliminary period of strapping. In some children plaster was also used after the initial strapping before operation. In the remaining 19 feet (13 children) surgery had been carried out after the age of six months, since the children had been referred from other hospitals with a recurrent deformity. The mean age at operation in this group was 3 years 8 months (1 to 10).
The studies were undertaken in children when they were aged between two and 16 years (mean, 7.4) and at least two years after surgical release.
We recorded SSEPs using scalp electrodes fixed with collodion and adhesive tape to keep the impedance below 2 and 4 kohms. Electrical pulses of 0.1 ms duration were delivered at 5 Hz to the skin over the posterior tibial nerve at the ankle using a saddle-type bipolar stimulator with the cathode placed 3 cm proximal to the anode. The intensity of the current was increased to produce twitching of the abductor hallucis muscle or, if no twitch could be elicited, to at least three times the perceived sensory threshold. A stimulus was also applied to the skin over the common peroneal nerve at the neck of the fibula. Twitching of the extensor digitorum brevis muscle (EDB) was used as a guide to the adequacy of the stimulus.
A current of 10 to 20 mA was sufficient to cause twitching in the distal, reference muscle and a minimum of two traces was recorded to ensure reproducibility. Specified peak components of the waveforms, the absolute latencies and interpeak intervals were measured in accordance with normative data obtained in children by Gilmore et al. 20 The output of each electrode was fed to a Medelec sensory evoked potential system (Medelec Sapphire; Oxford Instruments, Surrey, UK) for amplification, filtered using a 30 to 1500 band pass and averaged over 1000 to 2000 responses. The computer was programmed to reject any input potential exceeding 22.5 V. All the responses were replicated at least once to check the reliability of the data which were stored on a floppy disk for subsequent analysis.
In group 1 (22 children, 28 club feet) SSEPs were measured in both the posterior tibial nerve, for which there is good normative data 20 and the common peroneal nerve, for which there is no reliable information in the normal child. The reference muscle EDB was used to confirm a stimulus-induced twitch. There were three types of response: normal (both latency and wave form), abnormal (delayed latency and/or conduction times) and unrecordable (reproducible responses could not be elicited).
Although the unrecordable responses may represent a complete absence of conduction, we did not include these recordings in the abnormal group as artefact could not be entirely ruled out.
A second group of 22 children with 36 club feet was assessed over the posterior spinous processes at L1 and C7 to trace the level of abnormality in the spinal cord.
Because of difficulties in recording the common peroneal response, and the uncertainty regarding normative data for it, the measurements of the SSEP in this group were confined to the posterior tibial nerve. The corticospinal tracts for the posterior tibial and common peroneal nerves are adjacent in the spinal cord and therefore the study was designed to identify any alteration in conduction over these segments of the cord.
In a third group of 21 children with 31 club feet (group 3) conventional motor electrophysiological studies such as nerve-conduction studies, measurement of the H (monosynaptic) reflex at L5/S1 and electromyography (EMG) were undertaken. Ideally, SSEPs would also have been carried out, but the combined studies were considered too demanding.
The H-reflex was assessed by stimulating the posterior tibial nerve at the popliteal fossa with electropulses of short duration and low intensity. Surface recording electrodes were placed on the distal triceps surae and the reflex was measured.
EMG was performed with a concentric intramuscular needle recording from the tibialis anterior, the peronei and the gastrocnemius. Evidence of denervation included spontaneous fibrillation, positive sharp waves, increased amplitude of motor action potentials and recruitment patterns. Normal values for nerve conduction and EMG were established from a control group of healthy, age-matched children.
The studies were supervised by a neurologist and an orthopaedic surgeon. The tracings were assessed by two neurologists separately, and the orthopaedic surgeon. Parents gave informed consent for the investigations which were undertaken in compliance with standards set by the local Ethical Committee.
Results
Responses of the common peroneal nerve. In group 1 responses were elicited in nine children (11 club feet). All these feet had been graded as moderate (grade 2) before operation and conduction was noted to be slowed compared with the normal side in unilateral cases. Lack of normative data made it impossible to quantify the conduction defect more accurately. SSEPs in the peroneal nerve could not be measured in the remaining 17 club feet in 13 children. Most of these feet had presented with severe deformity (grade 3). Responses of the posterior tibial nerve. A total of 30 club feet (22 children) in groups 1 and 2 showed a normal response. In 25, the responses were reproducible at all levels, but in five group-2 feet the peripheral and spinal responses were normal, but the cortical responses were not reproducible. Since the peripheral and spinal responses and conduction times were normal, these were considered normal.
The latency of the posterior tibial nerve was prolonged in 13 club feet in group 1. In group 2, 13 club feet had prolonged spinal conduction times and a further child with bilateral club feet had prolonged peripheral conduction times on both sides. Hence, 28 of the 64 club feet in groups 1 and 2 had abnormal results.
Only six club feet in groups 1 and 2 did not give reproducible results. Two children with bilateral club feet had an unreproducible result on both sides at all levels, and two feet in two children with unilateral deformity had normal results on the unaffected side. Since the results were unreproducible on the side of the club foot we have not included them in the abnormal results. Motor electrophysiological studies. In these studies 16 club feet showed abnormal findings. We divided the results into three patterns: 1) Six feet had prolonged conduction velocity of the common peroneal nerve. Of these, four in two children with bilateral deformities also had prolonged conduction velocity of the posterior tibial nerve. All six feet had low amplitudes of the H-reflex suggesting peripheral demyelination neuropathy.
2) Eight feet had normal conduction velocity of both the common peroneal and the posterior tibial nerves but had a prolonged H-reflex suggesting an abnormality at the spinal level.
3) Only two feet in one child with bilateral involvement had an abnormality of the EMG with positive sharp waves at rest on both sides, suggesting denervation changes. There was no evidence of electrophysiological abnormality. Table I details the abnormal results in the three groups. Almost half of the club feet (46%) showed clear neurological deficits. Table II gives the level of the deficit. In four children tracings were difficult to reproduce. The use of SSEPs in children aged under five years posed problems both in the interpretation of results and co-operation by the child. There was also greater variability in the waveform of the scalp-recorded potentials as has been noted previously. 20, 21 The case notes of the children with abnormal SSEP tests (28 feet) were reviewed by a separate observer who found that 12 (43%) were previously grade 2 and 16 (57%) previously grade 3. Combining the results for the SSEP and motor electrophysiological studies, 16 grade-2 feet (38) Fig. 1 The influence of measurable neurological deficit on the functional outcome after surgical release. Fig. 2 The severity of the presenting structural deformity related to the outcome after surgery.
were neurologically abnormal and 28 grade-3 feet (53%) were abnormal. Table III summarises the surgical outcome of the 95 club feet in relation to the severity of the preoperative deformity and the presence or absence of a neurological deficit. When there was no measurable neurological deficit 94% of feet achieved a good or excellent outcome. In the presence of a neurological abnormality this proportion fell to 64%. Figure 1 shows this difference in terms of the number of feet reviewed and the effect of demonstrable neurological deficit on the functional outcome after surgical release.
Discussion
Our study forms part of a review of the results of a standardised, single-stage lateral posteromedial release using the transverse Cincinnati incision. 17 It has often been observed that the peroneal muscles are slow to recover, or are non-functioning after operation. This lack of muscle balance is a potential cause of recurrence. We believe that neurological testing is of value in conjunction with evaluation of the function of the foot, muscle balance and mobility of the tarsal joints, and radiography of the talocalcaneal and calcaneocuboid relationships 22 in deciding whether reoperation is needed. It can also help to decide whether an ankle-foot orthosis is indicated. We consider that this is the first use of measurement of the SSEPs to evaluate the neurological deficit in club foot. A combination of measurement of the SSEP and motor electrophysiological studies revealed that 44 of 95 club feet (46%) were neurologically abnormal, and this may be an underestimate. The clinical severity of the deformity was related to the deficit, with 38% of grade-2 feet and 53% of grade-3 feet being abnormal neurologically. Deficits were found at different levels of the neuraxis (spinal cord, peripheral nerve and muscle). A mixed picture was seen in 13 of the 44 abnormal studies. A fair surgical outcome was more likely in grade-3 deformity with a neurological deficit. The proportion of fair results altered from three in 25 neurologically normal feet (12%) to 16 in 28 feet (57%) showing neurological abnormality (Table III) .
One problem in accepting the role of neurological testing in club foot has been the divergent findings in the literature (Table IV) . These studies were discussed by Feldbrin et al. 4 Our study has demonstrated that SSEPs can be effective in defining the neurological deficit in the older child. Ideally, these tests should be carried out before operation in the neonate. We had hoped to undertake measurements under general anaesthesia immediately before the surgical operation. Practical difficulties in obtaining recordings in the infant mean that, at present, the published electrophysiological results have only been undertaken after operation. This introduces a possible source of error. It can also be difficult to obtain co-operation in the conscious child under the age of five years. These factors may make neurological evaluation unattractive in the young child.
We believe that the use of SSEP testing could be restricted to the assessment of grade-3 (severe) club-foot deformity since neurological deficit has a pronounced effect on that group (Fig. 2) . It is important to recognise the influence of muscle imbalance in the aetiology and prognosis of club foot. 4 In some cases it may result from an infection of the spinal cord at the L5/S1 level. 23 The authors wish to thank the staff in the neurophysiology laboratory of the Royal Hospital for Sick Children, and particularly Dr J. K. Brown for his advice. No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article. 
